Concentrated applications like concentrated photovoltaic panels (CPV) or concentrated solar power (CSP) require a high degree of accuracy to ensure the sunlight is directed precisely at the focal point of the reflector or lens. Non-concentrating applications don't require tracking but using a tracker can improve the total power produced by the system. Photovoltaic systems using high efficiency panels with trackers can be very effective.
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There are many types of solar trackers, of varying costs, sophistication, and performance. The two basic categories of trackers are single axis and dual axis.
Single axis
Solar trackers can either have a horizontal or a vertical axis. The horizontal type is used in tropical regions where the sun gets very high at noon, but the days are short. The vertical type is used in high latitudes where the sun does not get very high, but summer days can be very long. In concentrated solar power applications, single axis trackers are used with parabolic and linear Fresnel mirror designs.
Dual axis
Solar trackers have both a horizontal and a vertical axis and thus they can track the sun's apparent motion virtually anywhere in the world. CSP applications using dual axis tracking include solar power towers and dish (Stirling engine) systems. Dual axis tracking is extremely important in solar tower applications due to the angle errors resulting from longer distances between the mirror and the central receiver located in the tower structure.
Many traditional solar PV applications employ two axis trackers to position the solar panels perpendicular to the sun's rays. This maximizes the total power output by keeping the panels in direct sunlight for the maximum number of hours per day. 
Tracker Components
The main elements of a tracking system are as follows:
• Sun tracking algorithm: This algorithm calculates the solar azimuth and zenith angles of the sun. These angles are then used to position the solar panel or reflector to point toward the sun. Some algorithms are purely mathematical based on astronomical references while others utilize real-time light-intensity readings.
• Control unit: The control unit executes the sun tracking algorithm and coordinates the movement of the positioning system. • Positioning system: The positioning system moves the panel or reflector to face the sun at the optimum angles. Some positioning systems are electrical and some are hydraulic. Electrical systems utilize encoders and variable frequency drives or linear actuators to monitor the current position of the panel and move to desired positions.
• Drive mechanism/transmission: The drive mechanisms include linear actuators, linear drives, hydraulic cylinders, swivel drives, worm gears, planetary gears, and threaded spindles.
• Sensing devices: For trackers that use light intensity in the tracking algorithm, pyranometers are needed to read the light intensity. Ambient condition monitoring for pressure, temperature and humidity may also be needed to optimize efficiency and power output. o Limit switches are used to control speed and prevent over travels. The mechanical over travel limits are used to prevent tracker damage. o Elevation feedback is accomplished by either 1) a combination of limit switches and motor encoder counts, or 2) an inclinometer (a sensor that provides the tilt angle). o An anemometer is used to measure wind speed. If the wind conditions are too strong, the panels are usually driven to a safe horizontal position and remain in the safety position until the wind speed falls below the set point.
Tracker Control Algorithms
Tracker control algorithms typically incorporate a control strategy that is a hybrid between open-loop and closedloop control. The open-loop component is needed because the sun can be obscured by clouds, eliminating or distorting the feedback signals. The closed-loop component is needed to eliminate errors that result from variability in installation, assembly, calibration, and encoder mounting.
Closed loop systems track the sun by relying on a set of lenses or sensors with a limited field of view, directed at the sun, and are fully illuminated by sunlight at all times. As the sun moves, it begins to shade one or more sensors, which the system detects and activates motors or actuators to move the device back into a position where all sensors are once again equally illuminated.
Open loop systems track the sun without physically following the sun via sensors (although sensors may be used for calibration). These systems typically employ electronic logic which controls device motors or actuators to follow the sun based on a mathematical formula.
The NREL National Renewable Energy Laboratory Technical Report (NREL/TP-560-34302 Revised January 2008) provides information and code examples for a Solar Position Algorithm for Solar Radiation Applications. The accuracy that can be achieved using this algorithm is equal to +/-0.0003° in the period from year 2000 to 6000. This report is a step by step procedure for implementing an algorithm to calculate the solar zenith and azimuth angles.
Rockwell Automation has utilized this report to build a standard logic template that can be implemented by OEMs developing tracker equipment.
Data specific to the location must be entered so the mathematical calculations are performed accurately. The values include the Time zone (TZ), Longitude, Latitude, Pressure, Elevation, Temperature, Surface slope, Surface azimuth rotation and Delta T (difference between earth rotation time and terrestrial time).
Once the local parameters have been entered, the program will calculate the azimuth and zenith angles.
The Zenith angle is the angle between the direction of the sun (direction of interest) and the zenith (straight up or directly overhead). The program calculates the Zenith angle in degrees and stores it in register SPA_ZENITH. This would be the TILT angle with 0° being horizontal.
The suns elevation or altitude is the angle from the horizontal plane and the Suns central ray or just the compliment of the Zenith angle (90° -Zenith angle).
The Azimuth angle is measured clockwise from true north to the point on the horizon directly below the object. The program calculates the local (from observer) azimuth angle (eastward from North) [0 to 360 degrees] and stores it in register SPA_AZIMUTH. This would be the ROTATION angle with 0° facing north.
The tracker OEM can utilize their desired mechanics to position their tracker based on the calculated angles.
Solution
The Rockwell Automation control architecture for solar trackers is based on an Allen-Bradley® MicroLogix™ controller. The controller helps position the solar panels, mirrors, or lenses into the sun in order to capture the sun's energy.
The MicroLogix controller can be equipped with a positioning algorithm to mathematically solve the optimum tracker position for any time of the day. The outputs of the calculation are two angles -the zenith angle and the azimuth angle. The azimuth angle is used to determine the horizontal rotation and the zenith angle is used to determine the vertical tilt or elevation. Depending on the type of tracker being used (single or dual axis), one or both of these angles are then used to position the solar collection device.
The position loop can be closed in the controller or in the drive if the axis is so equipped. If the controller is used, the embedded High Speed Counter (HSC) instruction and corresponding inputs on the MicroLogix controller are utilized. Utilizing a drive that accepts an external encoder allows the position loop to be managed within the drive.
Since concentrated solar applications require more precise positioning to provide maximum and constant power generation, drives with positioning capabilities are often used. Some models in the Allen-Bradley PowerFlex® family of drives offer positioning features that can be coupled with an appropriate gearbox reduction ratio to manage and hold position.
If drives are utilized, there are a few control capabilities that must be considered. They include being able to shut down the drives at night or long periods of inactivity to save energy. During shutdown periods, the position must be maintained or the tracker must go through a homing cycle before beginning the new day's operation. A motor brake could be used if a homing cycle is not permitted. At the end of each day, the tracker will need to return to the starting or sunrise position.
In non-concentrating applications, linear actuators offer an alternative method to control a single axis solar tracker or the elevation in a dual axis solar tracker. Positioning the panel within a few degrees is often acceptable so there are less move intervals over the course of the day.
Automatic emailing from the tracker controller to operators or maintenance personnel can alert them of tracker problems. Maintenance costs can be reduced by being able to remotely adjust the tracker and to monitor tracker operation and status.
When many trackers are installed and managed in a solar field, a central controller is often required to coordinate the trackers and monitor them. An alternative to running the positioning algorithm in each tracker controller would be to utilize this central controller to execute the mathematical calculations and communicate the desired position coordinates to the respective trackers.
The central controller can also act as a data concentrator to collect important operating conditions from each tracker. Monitoring module orientation, motor status, controller status, and energy production are all possible. Data collected from the MicroLogix controllers can be displayed in a SCADA system like FactoryTalk® View SE. Alarms and status information from each tracker can be displayed in a central location or accessed remotely.
Rockwell Automation solutions deliver improved production capabilities and reduced total cost of ownership by providing unparalleled functionality, flexibility and scalability. 
Calculated Angles
The derived angles can be applied in solutions using hydraulic or electrical positioning methods.
High Quality, Industrial Hardened Components
Controllers built to industry standards (UL, IEC, CE, etc.) lowers installation and maintenance costs over "black box" controllers for harsh industrial applications.
Off-the-Shelf (OTS) Components
Globally available OTS components are supported worldwide by a network of industry technical specialists, distributors, and systems integrators. OTS components reduce time to market for the OEM and meet end user goals for global support.
Supply Chain Solutions
As a trusted supply chain partner, Rockwell Automation offers a global manufacturing and distribution network including panel design and fabrication capabilities worldwide. Panels can be fully tested and delivered to the site for quick installation.
Secure Remote Access/Monitoring
Remote monitoring allows OEMs and end users to adjust trackers, diagnose problems and monitor operations reducing operation and maintenance costs.
Fast, Efficient Data Communications
Large solar field deployments can utilize open EtherNet/IP networks to achieve high speed, large data transfers (coordinated moves for multiple trackers) from a main control system to the individual trackers.
Faster Development/Troubleshooting
Pre-programmed and tested positioning algorithm logic; Human Machine Interface (HMI) faceplates provide detailed networking diagnostics, drive operating parameters and status.
Product Life Cycle
Rockwell Automation's 100+ year history of providing quality products and services helps users with the support longevity they need to operate their solar farm. Rockwell's commitment to long product life cycles and well defined migration paths provides the peace of mind that the products selected today will be supported for years to come.
Summary
Rockwell Automation offers several solutions to help energy providers generate the most solar power from their system. The Rockwell Automation solution for solar trackers allows machine builders to provide an offthe-shelf solution to both single and dual axis tracking solutions. The code template provided for calculating angles needed for high accuracy tracking reduces development time and allows machine builders to focus their attention on the positioning system rather than the mathematical equations.
Rockwell Automation components can help make it possible to construct and control reliable solar trackers that are of high precision and quality. For machine builders being asked to provide flexible solutions for large solar fields, the Rockwell Automation architecture provides the foundation to handle the large quantity and high speed communications required to maximize energy production.
